Role of caspases in murine limb bud cell death induced by 4-hydroperoxycyclophosphamide, an activated analog of cyclophosphamide.
Caspases play a pivotal role in the regulation and execution of apoptosis, an essential process during limb development. Caspase 8 activation is usually downstream of the Fas/FasL death receptors, whereas caspase 9 mediates the mitochondrial signaling pathway of apoptosis. Caspase 3 is an effector caspase. Previous studies have shown that the exposure of embryonic murine limbs in vitro to 4-hydroperoxycyclophosphamide (4-OOHCPA), an activated analog of the anticancer alkylating agent, cyclophosphamide, induced limb malformations and apoptosis. The goal of this study was to determine the role of caspases in mediating apoptosis in this model system. Limb buds from gestational day 12 CD-1 mice were excised and cultured in roller bottles in a chemically defined medium for up to 6 days in the absence or presence of 4-OOHCPA. Apoptosis was indicated by internucleosomal DNA fragmentation, as detected by TUNEL staining. The profile of caspase activation was characterized by Western blot analysis and immunohistochemistry of control and treated limbs. To determine the consequences to limb morphology of inhibiting caspase activation, DEVD-CHO, a caspase-3 inhibitor, was added to the cultures. Limbs cultured in the presence of 4-OOHCPA were growth retarded and malformed; apoptosis was increased in the apical ectodermal ridge and interdigital areas. Western blot analysis showed that 4-OOHCPA exposure did not activate procaspases 8 or 9 in limbs. In contrast, procaspase-3 cleavage was increased in a concentration and time-dependent manner after exposure of limbs to 4-OOHCPA. Immunoreactive activated caspase-3 was localized in the interdigital areas and the apical ectodermal ridge region in control limbs; staining in these areas and in the interdigital areas was increased dramatically in limbs exposed to 4-OOHCPA. Inhibition of caspase 3 activation with DEVD-CHO partially protected limbs from insult with 4-OOHCPA. Caspase-dependent and caspase-independent pathways of cell death are both important is mediating the abnormal limb development triggered by insult with 4-OOHCPA.